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This invention relates to a lubricating composition comprising a major amount of an oil of lubricating viscosity and (A) a di or 
trihydrocarbyl phosphite, (B) at least one reaction product of a di or trihydrocarby! phosphite and sulfur or a source of sulfur; at least one 
di or trihydrocarbyl monothiophosphate; or salt thereof, and (C) a salt of a hydrocarbyl phosphoric acid ester. In one embodiment, the 
lubricant composition contains less than 0.1 % phosphorus or less than about 0.75 % borated dispersant. This combination of phosphorus 
compounds provides antiwear and thermal stability to lubricants, even at low phosphorus levels. The lubricating compositions containing 
the combination of the phosphorus compounds has low corrosivity to copper and low odor as well. 
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Title: 
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Mixed Phosphorus Compounds and Lubricants Containing the 



Cross Reference to Provisional Application 

eo/o^rrrr; c,aims prioritv from pr ° visi ° nai *> 
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-<uiy b. 1998, the entire disclosure of which is h Pre .h, 
incorporated by reference. 6by 

Technical Field of the Invention 

This i„v.„, ion ,o lubr ,e, ting „ mpositioos which 

n„w.a, M , h « rma , st . Mily prop . r „„ , u 
o.P„ 5 . . „ mbin „ to „ of (A| „ ,„ st me flj ^ t(ihyd ocarby| P 

I— on re.c„o„ prMuct of , „ or tnhydroca(by| ^ 

«»~f. and ,C, a, ta, o„» „„ of , hydroc „ by , ^ ^ 

Background of the Invention 
Lubricating compositions are used to prevent damage to machinery under 
operatmg conditions. Especial.y under boundary .ubrication conditions, a 
-ubncant must act to minimize harmfu, metai-to-meta, contact. Often additives 
are useful at providing protection under boundary .ubricating condition but 
somet,mes these additive adversely affect other performance characteristics 
For instance, a lubricant must still provide protection under high speed, shock 
loading condition, while not be corrosive to copper and other soft metals 

Phosphorus compounds have been used in lubricants to provide antiwear 
and antioxidation properties to lubricants. Phosphorus compounds genera.ly 
Protect meta, from the effects of low speed and heavy load conditions. When 
the total .eve. of phosphorus provided by the .ubricant is below 0.1 % by weight 
there have often been problems with the abi.ity of the .ubricant to provide the 
needed ant,wear protection. In the past boron compounds, such as berated 
d.spersants, provide thermal stability and c.ean.iness. ,t is desirable to provide 
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additives for lubricants which provide improved antiwear properties and thermal 
stability. 

Summary of the Invention 

This invention relates to a lubricating composition comprising a major 
amount of an oil of lubricating viscosity and (A) a di or trihydrocarbyl phosphite, 
(B) at least one reaction product of a di or trihydrocarbyl phosphite and sulfur 
or a source of sulfur; at least one di or trihydrocarbyl monothiophosphate; or salt 
thereof, and (C) a salt of a hydrocarbyl phosphoric acid ester. In one 
embodiment, the lubricant composition contains less than 0.1 % phosphorus or 
less than about 0.75% borated dispersant. This combination of phosphorus 
compounds provides antiwear and thermal stability to lubricants, even at low 
phosphorus levels. The lubricating compositions containing the combination of 
the phosphorus compounds has low corrosivity to copper and low odor as well. 
Detailed Description of the Preferred Embodiments 

The term "hydrocarbyl" includes hydrocarbon as well as substantially 
hydrocarbon groups. Substantially hydrocarbon describes groups which contain 
heteroatom substituents that do not alter the predominantly hydrocarbon nature 
of the substituent. Examples of hydrocarbyl groups include the following: 

(1) hydrocarbon substituents, i.e., aliphatic (e.g., alkyl or alkenyl) and 
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, aromatic-, aliphatic- and 
alicyclic-substituted aromatic substituents and the like as well as cyclic 
substituents wherein the ring is completed through another portion of the 
molecule (that is, for example, any two indicated substituents may together 
form an alicyclic radical); 

(2) substituted hydrocarbon substituents, i.e., those substituents 
containing non-hydrocarbon groups which r in the context of this invention, do 
not alter the predominantly hydrocarbon nature of the substituent; those skilled 
in the art will be aware of such groups (e.g., halo (especially chloro and fluoro), 
hydroxy, mercapto, nitro, nitroso, sulfoxy, etc.); 

(3) heteroatom substituents, i.e., substituents which will, while having 
a predominantly hydrocarbon character within the context of this invention, 
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contain an atom other than carbon present in a ring or chain otherwise 
composed of carbon atoms (e.g., alkoxy or alkylthio). Suitable heteroatoms will 
be apparent to those of ordinary skill in the art and include, for example, sulfur, 
oxygen, nitrogen and such substituents as, e.g. pyridyl, furyl, thienyl, imidazolyl, 
etc. 

In general, no more than about 2, preferably no more than one 
heteroatom substituent will be present for every ten carbon atoms in the 
hydrocarbyl group. Typically, there will be no such heteroatom substituents in 
the hydrocarbyl group. Therefore, the hydrocarbyl group is hydrocarbon. 

Generally the total phosphorus for the lubricant is determined by the 
amount of all phosphorus components added to the lubricant. The amount of 
phosphorus in the lubricating composition is sufficient to provide a pass result 
in the ASTM L-37 test. The total phosphorus is usually less than about 0.1 %, 
or less than 0.09%, or less than about 0.08% by weight. In one embodiment, 
the phosphorus compounds of the present invention are present at phosphorus 
contents of less than about 0.07, or less than about 0.06% by weight 
phosphorus. 

As described above the lubricating composition comprise a combination 
of (A) at least one di or trihydrocarbyl phosphite, {B} at least one reaction 
product of a phosphite and sulfur or a source of sulfur; at least one di or 
trihydrocarbyl monothiophosphate; or salt thereof, and (C) at least one salt of 
a hydrocarbyl phosphoric acid ester. Each component of the combination may 
be independently present in an amount to provide from about 0.01% to about 
0.06%, or from about 0.012% to about 0.05%, or from about 0.018% to 
about 0.04% by weight phosphorus to the lubricant. Here, as well as elsewhere 
in the specification and claims, the range and ratio limits may be combined. In 
one embodiment, each component is present in substantially equal phosphorus 
proportions. In another embodiment, each component is independently present 
in an amount from about 0.05% to about 2%, or from about 0.08% to about 
1%, or from about 0.1% to about 0.6% by weight. 
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As described herein and in the appended claims, it is understood that any 
element listed within a genus or list may be excluded from the claims. 
(A) Phosphites 

As described above the lubricating compositions, concentrates, and 
greases contain at least one phosphite. The phosphite may be a di- or 
trihydrocarbyl phosphite. Preferably each hydrocarbyl group contains from 1 to 
about 24 carbon atoms, or from 1 to about 18 carbon atoms, or from about 2 
to about 8 carbon atoms. Each hydrocarbyl group may be independently alkyl, 
alkenyl, or ary!, preferably alkyl or alkenyl. When the hydrocarbyl group is an 
aryl group, then it contains at least about 6 carbon atoms; preferably about 6 
to about 18 carbon atoms. Examples of the alkyl or alkenyl groups include 
propyl, butyl, hexyl, heptyl, octyl, oleyl, linoteyl, stearyl, etc. Examples of aryl 
groups include phenyl, naphthyl, heptylphenof, etc. Preferably each hydrocarbyl 
group is independently propyl, butyi, pentyl, hexyl, heptyl, oleyl or phenyl, more 
preferably butyl, oleyl or phenyl and more preferably butyl or oleyl. In one 
embodiment, the phosphite is an alkyl or alkyenyl, preferably an alkyl phosphite. 
In another embodiment, the lubricating compositions are free of phosphites with 
hydrocarbyl groups that are aryl groups. One method of preparing phosphites 
includes reacting a lower (C^g) Phosphites and their preparation are known and 
many phosphites are available commercially. Particularly useful phosphites are 
dibutyl hydrogen phosphite, dioleyl hydrogen phosphite, di(C l413 ) hydrogen 
phosphite, and triphenyl phosphite. 

In another embodiment, the phosphite is premixed with a overbased metal 
salt of an organic acid, wherein the equivalents of overbased metal salt, based 
on total base number to the equivalents of phosphite (A) based on phosphorus 
atoms is at least one. The inventors have discovered that by pre-mixing the 
phosphite in the overbased metal salt of an acidic organic compound, the 
hydrostability of the phosphite is improved. Overbased metal compositions are 
characterized by having a metal content in excess of that which would be 
present according to the stoichiometry of the metal and the acidic organic 
compound. The amount of excess metal is commonly expressed in metal ratio. 
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The term "metal ratio" is the ratio of the total equivalents of the metal to the 
equivalents of the acidic organic compound. A salt having a metal ratio of 4.5 
will have 3.5 equivalents of excess metal. The overbased salts generally have 
a metal ratio from about 1 .5 up to about 40, or from about 2 up to about 30, 
or from about 3 up to about 25. 

The overbased materials are prepared by reacting an acidic material, 
typically carbon dioxide, with a mixture comprising an acidic organic compound, 
a reaction medium comprising at least one inert, organic solvent for the acidic 
organic compound, a stoichiometric excess of a basic metal compound, and a 
promoter. Generally, the basic metal compounds are oxides, hydroxides, 
chlorides, carbonates, and phosphorus acids (phosphonic or phosphoric acid) 
salts, and sulfur acid (sulfuric or sulfonic) salts. The metals of the basic metal 
compounds are generally alkali, alkaline earth, and transition metals. Examples 
of the metals of the basic metal compound include sodium, potassium, lithium, 
magnesium, calcium, barium, titanium, manganese, cobalt, nickel, copper, and 
zinc, preferably sodium, potassium, calcium, and magnesium, more preferably 
calcium and magnesium. 

The acidic organic compounds useful in making the overbased composi- 
tions of the present invention include carboxylic acylating agents, such as 
polyalkenyi succinic anhydrides, sulfonic acids, phosphorus containing acids, 
phenols, or mixtures of two or more thereof. Preferably, the acidic organic 
compounds are carboxylic acylating agents, sulfonic acids, or phenates. in one 
embodiment the overbased material is a calcium or magnesium, preferably 
magnesium, overbased sulfonate or salicylate. 

The methods for preparing the overbased materials, as well as overbased 
materials, are known in the prior art and are disclosed, for example, in the 
following U.S. Patent Nos.: 2,616,904; 2,616,905; 2,616,906; 3,242,080; 
3,250,710; 3,256,186; 3,274,135; 3,492,231 ; and 4,230,586. These patents 
disclose processes, materials, which can be overbased, suitable metal bases, 
promoters, and acidic materials, as well as a variety of specific overbased 
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products useful in producing the overbased systems of this invention and are, 

accordingly, incorporated herein by reference for these disclosures. 

(B) Thiophosphate or Reaction Products of Phosphite and Sulfur or a Source of 

Sulfur 

As described above the lubricating compositions, concentrates, and 
greases contain at least one reaction product of a phosphite and sulfur or a 
source of sulfur; at least one thiophosphate; or a salt thereof. Component (B) 
may be a dihydrocarbyl thiophosphate, a trihydrocarbyl thiophosphate, or 
mixture thereof. In one embodiment, the phosphites used to make component 
(B) may be any of the above described phosphites. Preferably this phosphite is 
a trihydrocarbyl phosphite, more preferably a triaryl phosphite. The hydrocarbyl 
group typically contain from about 4 to about 24, or from about 5 to about 1 8, 
or from about 6 to about 12 carbon atoms. Examples of useful hydrocarbyl 
groups include benzyl, methylbenzyl, dimethylbenzyl, methoxyphenyl, etc. A 
particularly useful phosphite for preparing component (B) is triphenylphosphite. 

As discussed above the phosphite is reacted with sulfur or a source of 
sulfur. The sulfur source may be any of a variety of materials which are capable 
of supplying sulfur to the reaction. Examples of useful sulfur sources include 
sulfur halides, combinations of sulfur or sulfur oxides with hydrogen sulfide, and 
various sulfur containing organic compounds. The sulfur halides include sulfur 
monochloride, sulfur dichloride, etc. The sulfur sources may also be sulfur 
containing organic compounds, such as aromatic and alkyl sulfides, dialkenyl 
sulfides, sulfurized olefins, sulfurized oils, sulfurized fatty acid esters, sulfurized 
aliphatic esters of olefinic mono- or dicarboxylic acids, diester sulfides, sulfurized 
Diels-Alder adducts and sulfurized terpenes. U.S. Patent 4,755,31 1 discloses 
various sulfur sources capable of supplying sulfur to reaction. This patent is 
incorporated by reference for its disclosure of sulfur sources. The sulfur source 
may also be those sulfur compounds disclosed below. 

In one embodiment, the component (B) is at least one compound of the 
structure: 
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(RX) 3 P = X 

where each X is independently sulfur or oxygen, provided that at least one X is 
sulfur, and wherein each R is independently a hydrocarbyl group. The 
hydrocarbyl groups are described above. In one embodiment, the hydrocarbyl 
groups for the above formula are those described for the phosphites above. 

Triphenyfthiophosphate is sold by Ciba-Geigy under the trade name Irga- 
lube TPPT™. Other suitable monothiophosphates include tricresylthiophosphate, 
tri-p-dodecyiphenyithiophosphate, trioctylthiophosphate, tri-p-t-butylphenylthio- 
phosphate, tri-(3-naphthylthiophosphate, trilaurylthiophosphate, tri-p-heptyl- 
phenylthiophosphate, thiophosphates based on sulfur-coupled alkylphenols. 

The following example relates to preparation of thiophosphates. 

Example P-1 

A reaction vessel is charged with 1204 parts (3.69 equivalents) of 
triphenylphosphite. The phosphite is heated to 160°C under nitrogen where 
1 12 parts (3.51 equivalents) of sulfur is added over three hours. The reaction 
temperature is maintained at 160°C for four hours. (In an alternative process, 
the mixture is thereafter heated to 195-200 g C and maintained at that 
temperature for a period of hours.) The mixture is then filtered through diatoma- 
ceous earth and the filtrate is the desired product. The filtrate contains 8.40% 
phosphorous (8.7% theory) and 8.4% sulfur (8.50% theory). 
<C) Ammonium Salt of Phosphoric Acid Esters 

As described above, the lubricating compositions of the present invention 
may also include at least one ammonium salt of at least one phosphoric acid 
ester. 

The ammonium salt of a phosphoric acid ester is prepared by reacting a 
phosphoric acid ester with ammonia or a basic nitrogen compound, such as an 
amine or a basic nitrogen containing dispersant. The salts may be formed 
separately, and then the salt of the phosphorus acid ester may be added to the 
lubricating composition. Alternatively, the salts may also be formed in situ 
when the acidic phosphorus acid ester is blended with other components to 



WO 00/01790 



PCT/US99/15213 



8 

form a fully formulated lubricating composition. In one embodiment, the 
ammonium salts of the phosphorus acid ester are sulfur free. 

The ammonium salts of the phosphorus acid esters may be formed from 
ammonia or an amine. These amines may be monoamines or poiyamines. The 
amines include fatty amines, hydroxy amines, fatty diamines, tertiary aliphatic 
primary amines, and heterocyclic amines. Useful amines include those disclosed 
in U.S. Patent 4,234,435 at Col. 21, line 4 to Col. 27, line 50, this section of 
this reference being incorporated herein by reference. 

The monoamines generally contain from 1 to about 24 carbon atoms, or 
from 1 to about 1 2 carbon atoms, or from 1 to about 6. Examples of 
monoamines include methylamine, ethylamine, propylamine, butyiamine, 2- 
ethylhexylamine, octyiamine, and dodecylamine. Examples of secondary amines 
include dimethylamine, diethylamine, dipropyiamine, dibutylamine. 
methylbutylamine, ethylhexylamine, etc. Tertiary amines include trimethylamine, 
tributylamine, methyldiethylamine, ethyldibutyiamine, etc. 

In one embodiment, the amine is a fatty (C a . 3 o} amine which include 
n-octylamine, n-decylamine, n-dodecylamine, n-tetradecylamine, n-hexadecyl- 
amine, n-octadecylamine, oleyamine, etc. Also useful fatty amines include 
commercially available fatty amines such as "Armeen" amines (products 
available from Akzo Chemicals, Chicago, Illinois), such Armeen C, Armeen O, 
Armeen OL, Armeen T, Armeen HT, Armeen S and Armeen SD, wherein the 
letter designation relates to the fatty group, such as coco, oleyl, tallow, or 
stearyl groups. 

In one embodiment, the amine may be a hydroxyamine. Typically, the 
hydroxyamines are primary, secondary, or tertiary alkanot amines or mixtures 
thereof. Such amines can be represented by the formulae: hU-N-R'-OH, 
HfR'^N-R'-OH, and (R'^-N-R'-OH, wherein each R' , is independently a 
hydrocarbyl group having from one to about eight carbon atoms or 
hydroxyhydrocarbyl group having from one to about eight carbon atoms, or from 
one to about four, and R' is a divalent hydrocarbyl group of about two to about 
18 carbon atoms, or from two to about four. The group -R'-OH in such 
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formulae represents the hydroxyhydrocarbyl group. R' can be an acyclic, 
alicyclic or aromatic group. Typically, R' is an acyclic straight or branched 
alkylene group, such as an ethylene, 1 ,2-propylene, 1 ,2-butylene, and 
1 ,2-octadecylene groups. Where two R'., groups are present in the same 
molecule they can be joined by a direct carbon-to-carbon bond or through a 
heteroatom (e.g., oxygen, nitrogen or sulfur) to form a 5-, 6-, 7- or 8-membered 
ring structure. Examples of such heterocyclic amines include N-{hydroxyl lower 
alkyij-morpholines, -thiomorphoiines, -piperidines, -oxazolidines, -thiazolidines 
and the like. Typically, however, each R\ is independently a methyl, ethyl, 
propyl, butyl, pentyl or hexyl group. Examples of these alkanoiamines include 
mono-, di-, and triethanolamine, diethylethanolamine, ethylethanolamine, 
butyldiethanolamine, etc. 

The hydroxyamines may also be an ether N-(hydroxyhydrocarbyl)amine. 
These are hydroxypoly(hydrocarbyloxy) analogs of the above-described 
hydroxyamines (these analogs also include hydroxyl-substituted oxyalkylene 
analogs). Such N-(hydroxyhydrocarbyl) amines can be conveniently prepared 
by reaction of an epoxides, such as epoxides containing from 2 to about 30, 
or from about 2 to about 8 carbon atoms, such as ethylene oxide, propylene 
oxide, butylene oxide, C 6 epoxide, etc., with aforedescribed amines and may 
be represented by the formulae: H 2 N-(R'0) x -H, H(R' 1 )-N-{R'0) x -H, and 
(R , 1 ) 2 -N~(R , 0) x -H / wherein x is a number from about 2 to about 1 5 and R\ 
and R' are as described above. R'-, may also be a hydroxypoly(hydrocarbyloxy) 
group. 

In another embodiment, the amine is a hydroxyamine which may be 
represented by the formula 

(R 2 0) 2 H (R 2 0) 2 H 
R~(-N-R 3 ) y - N -(R 2 0) 2 H 

wherein R-, is a hydrocarbyl group containing from about 6 to about 30 carbon 
atoms; R 2 is an alkylene group having from about two to about twelve carbon 
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atoms, preferably an ethylene or propylene group; R 3 is an alkylene group 
containing from 1 up to about 8, or from 1 up to about 5 carbon atoms; y is 
zero or one; and each z is independently a number from zero to about 1 0, with 
the proviso that at least one z is zero. 

Useful hydroxyhydrocarbyl amines where y in above formula is zero 
include 2-hydroxyethylhexy!amine; 2- hydroxy ethyloctyla mine; 
2-hydroxyethylpentadecylamine; 2-hydroxyethyloleylamine; 
2-hydroxyethylsoyamine; bis(2-hydroxyethyi)hexylamine; 
bis{2-hydroxyethyl)oleylamine; and mixtures thereof. Also included are the 
comparable members wherein in the above formula at least one z is at least 
2, as for example, 2-hydroxyethoxyethylhexylamine. 

In one embodiment, the amine may be a hydroxyhydrocarbyl amine, 
where referring to the above formula, y equals zero. These 
hydroxyhydrocarbyl amines are available from the Akzo Chemical Division of 
Akzona, Inc., Chicago, Illinois, under the general trade designations 
"Ethomeen" and "Propomeen". Specific examples of such products include: 
Ethomeen C/1 5, which is an ethylene oxide condensate of a coconut fatty acid 
containing about 5 moles of ethylene oxide; Ethomeen C/20 and C/25, which 
are ethylene oxide condensation products from coconut fatty acid containing 
about 10 and 1 5 moles of ethylene oxide, respectively; Ethomeen 0/1 2, which 
is an ethylene oxide condensation product of oleyl amine containing about 2 
moles of ethylene oxide per mole of amine; Ethomeen S/1 5 and S/20, which 
are ethylene oxide condensation products with stearyl amine containing about 
5 and 10 moles of ethylene oxide per mole of amine, respectively; Ethomeen 
T/12, T/1 5 and 112b, which are ethylene oxide condensation products of 
tallow amine containing about 2, 5 and 15 moles of ethylene oxide per mole 
of amine, respectively; and Propomeen 0/12, which is the condensation 
product of one mole of oleyl amine with 2 moles propylene oxide. 

The amine may also be a polyamine. The poiyamines include 
alkoxylated diamines, fatty polyamine diamines, alkylenepolyamines, hydroxy 
containing poiyamines, condensed poiyamines, aryipolyamines, and hetero- 
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cyclic polyamines. Commercially available examples of alkoxylated diamines 
include those amines where y in the above formula is one. Examples of these 
amines include Ethoduomeen T/1 3 and T/20, which are ethylene oxide 
condensation products of Nl-tallowtrimethylenediamine containing 3 and 10 
moles of ethylene oxide per mole of diamine, respectively. 

In another embodiment, the polyamine is a fatty diamine. The fatty 
diamines include mono- or dialkyl, symmetrical or asymmetrical 
ethylenediamines, propanediamines (1,2, or 1 ,3), and polyamine analogs of the 
above. Suitable commercial fatty polyamines are Duomeen C 
(N-coco-1 ,3-diaminopropane), Duomeen S (N-soya-1 ,3-diaminopropane), 
Duomeen T (N-tallow-1 ,3-diaminopropane), and Duomeen O (N-oieyl-1 ,3-di- 
aminopropane). "Duomeens" are commercially available from Armak Chemical 
Co., Chicago, Illinois. 

In another embodiment, the amine is an alkylenepolyamine. 
Alkylenepolyamines are represented by the formula HR 4 N-(Alkylene-N) n -(R 4 ) 2 , 
wherein each R 4 is independently hydrogen; or an aliphatic or hydroxy-substi- 
tuted aliphatic group of up to about 30 carbon atoms; n is a number from 1 
to about 10, or from about 2 to about 7, or from about 2 to about 5; and the 
"Alkylene" group has from 1 to about 10 carbon atoms, or from about 2 to 
about 6, or from about 2 to about 4. In another embodiment, R 4 is defined the 
same as R'-j above. Such alkylenepolyamines include methylenepolyamines, 
ethylenepolyamines, butylenepolyamines, propylenepolyamines, 
pentylenepoiyamines, etc. The higher homologs and related heterocyclic 
amines, such as piperazines and N-amino alkyl-substituted piperazines, are also 
included. Specific examples of such polyamines are ethylenediamine, 
triethylenetetramine, tris-(2-aminoethyi) amine, propylenedi amine, 
trimethylenediamine, tripropylenetetramine, triethylenetetraamine, 
tetraethylenepentamine, hexaethyleneheptamine, pentaethylenehexamine, etc. 
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Higher homologs obtained by condensing two or more of the above-noted 
alkyleneamines are similarly useful as are mixtures of two or more of the afore- 
described polyamines. 

In one embodiment, the polyamine is an ethylenepolyamine. Such 
polyamines are described in detail under the heading Ethylene Amines in Kirk 
Othmer's "Encyclopedia of Chemical Technology", 2d Edition, Vol. 7, pages 
22-37, Interscience Publishers, New York (I965). Ethylenepolyamines are 
often a complex mixture of polyalkylenepoiyamines including cyclic 
condensation products. Other useful types of polyamine mixtures are those 
resulting from stripping of the above-described polyamine mixtures to leave, 
as residue, what is often termed "polyamine bottoms". In general, 
alkylenepolyamine bottoms can be characterized as having less than 2%, 
usually less than 1% (by weight) material boiling below about 200 C C. A 
typical sample of such ethylenepolyamine bottoms obtained from the Dow 
Chemical Company of Freeport, Texas designated "E-100" has a specific 
gravity at 15.6 C C of 1.0168, a percent nitrogen by weight of 33.15 and a 
viscosity at 40 C C of 1 21 centistokes. Gas chromatography analysis of such 
a sample contains about 0.93% "Light Ends" (most probably 
diethylenetriamine), 0.72% triethyienetetraamine, 21 .74% 
tetraethylenepentaamine and 76.61% pentaethylenehexamine and higher 
analogs. These alkylenepolyamine bottoms include cyclic condensation 
products such as piperazine and higher analogs of diethylenetriamine, 
triethylenetetramine and the like. 

Another useful polyamine is a condensation reaction between at least 
one hydroxy compound with at least one polyamine reactant containing at 
least one primary or secondary amino group. The hydroxy compounds are 
preferably polyhydric alcohols and amines. The polyhydric alcohols are 
described below. In one embodiment, the hydroxy compounds are polyhydric 
amines. Polyhydric amines include any of the above-described monoamines 
reacted with an alkylene oxide (e.g., ethylene oxide, propylene oxide, butylene 
oxide, etc.) having from two to about 20 carbon atoms, or from two to about 
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four. Examples of polyhydric amines include tri-(hydroxypropyl)amine, tris- 
(hydroxymethyl)amino methane, 2-amino-2-methyl-1 ,3-propanedioi, N,N,N\N'- 
tetrakis (2-hydroxypropyl) ethylenediamine, and N,N,N\ N'-tetrakis (2- 
hydroxyethyl) ethylenediamine, preferably tris(hydroxymethyl) aminomethane 
(THAM). 

Polyamines which may react with the polyhydric alcohol or amine to 
form the condensation products or condensed amines, are described above. 
Preferred polyamines include triethylenetetramine (TETA), 
tetraethylenepentamine (TEPA), pentaethylenehexamine (PEHA)., and mixtures 
of polyamines such as the above-described "amine bottoms". The 
condensation reaction of the polyamine reactant with the hydroxy compound 
is conducted at an elevated temperature, usually from about 60"C to about 
265 C C, or from about 220°C to about 250°C in the presence of an acid cata- 
lyst. 

The amine condensates and methods of making the same are described 
in PCT publication WO 86/05501 and U.S. Patent 5,230,714 (Steckel) which 
are incorporated by reference for its disclosure to the condensates and 
methods of making. A particularly useful amine condensate is prepared from 
HPA Taft Amines (amine bottoms available commercially from Union Carbide 
Co. with typically 34.1% by weight nitrogen and a nitrogen distribution of 
12.3% by weight primary amine, 14.4% by weight secondary amine and 
7.4% by weight tertiary amine), and tris(hydroxymethyl)aminomethane 
(THAM). 

in another embodiment, the polyamines are polyoxyalkylene polyamines, 
e.g. polyoxyalkylene diamines and polyoxyalkylene triamines, having average 
molecular weights ranging from about 200 to about 4000, or from about 400 
to about 2000. The preferred polyoxyalkylene polyamines include the 
polyoxyethylene and polyoxypropylene diamines and the polyoxypropylene 
triamines. The polyoxyalkylene polyamines are commercially available and 
may be obtained, for example, from the Jefferson Chemical Company, Inc. 
under the trade name "Jeffamines D-230, D-400, D-1000, D-2000, T-403, 
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etc.". U.S. Patents 3,804,763 and 3,948,800 are expressly incorporated 
herein by reference for their disclosure of such polyoxyalkylene polyamines 
and acylated products made therefrom. 

In another embodiment, the polyamines are hydroxy-containing 
polyamines. Hydroxy-containing polyamine analogs of hydroxy monoamines, 
particularly alkoxylated alkylenepolyamines, e.g., N,N-(diethano!)ethylene 
diamines can also be used. Such polyamines can be made by reacting the 
above-described alkyleneamines with one or more of the above-described 
epoxides. Similar alkylene oxide-alkanol amine reaction products may also be 
used such as the products made by reacting the above described primary, 
secondary or tertiary alkanoiamines with ethylene, propylene or higher 
epoxides in a 1.1 to 1.2 molar ratio. Reactant ratios and temperatures for 
carrying out such reactions are known to those skilled in the art. Specific 
examples of hydroxy-containing polyamines include N-(2-hydroxyethyl} 
ethylenediamine, N,N'-bis(2-hydroxyethyl)-ethylenediamine, 1 -(2-hydroxy- 
ethyDpiperazine, mono(hydroxypropyl)-substituted tetraethylenepentamine, 
N-(3-hydroxybutyl)-tetramethylene diamine, etc. Higher homologs obtained by 
condensation of the above illustrated hydroxy-containing polyamines through 
amino groups or through hydroxy groups are likewise useful. Condensation 
through amino groups results in a higher amine accompanied by removal of 
ammonia while condensation through the hydroxy groups results in products 
containing ether linkages accompanied by removal of water. Mixtures of two 
or more of any of the above described polyamines are also useful. 

Other useful amines include primary ether amines, such as those 
represented by the formula, R"(OR') x NH 2 , wherein R' is a divalent alkylene 
group having about 2 to about 6 carbon atoms; x is a number from one to 
about 1 50, or from about one to about five, or one; and R" is a hydrocarbyl 
group of about 5 to about 1 50 carbon atoms. An example of an ether amine 
is available under the name SURFAM® amines produced and marketed by Mars 
Chemical Company, Atlanta, Georgia. Preferred etheramines are exemplified 
by those identified as SURFAM P14B (decyloxypropylamine), SURFAM PI 6A 
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(linear C 16 ), SURFAM P17B (tridecyloxypropyiamine). The carbon chain 
lengths (i.e., C 14f etc.) of the SURFAM amines described above and used 
hereinafter are approximate and include the oxygen ether linkage. 

In one embodiment, the amine is a tertiary-aliphatic primary amine. 
Generally, the aliphatic group, preferably an alky! group, contains from about 
4 to about 30, or from about 6 to about 24, or from about 8 to about 22 
carbon atoms. Usually the tertiary alkyl primary amines are monoamines 
represented by the formula R 5 -C(R 6 ) 2 -NH 2 , wherein R 5 is a hydrocarbyl group 
containing from 1 to about 27 carbon atoms and R 6 is a hydrocarbyl group 
containing from 1 to about 12 carbon atoms. Such amines are illustrated by 
t-butyiamine, t-hexylamine, 1 -methyl-1 -amino-cyclohexane, t-octylamine, 
t-decylamine, t-dodecylamine, t-tetradecylamine, t-hexadecylamine, 
t-octadecylamine, t-tetracosanylamine, and t-octacosanylamine. 

Mixtures of tertiary aliphatic amines may also be used in preparing the 
dithiocarbamic acid or salt. Illustrative of amine mixtures of this type are 
"Primene 81 R" which is a mixture of C n -C ;4 tertiary alkyl primary amines and 
"Primene JMT" which is a similar mixture of C 18 -C 22 tertiary alkyl primary 
amines (both are available from Rohm and Haas Company). The tertiary 
aliphatic primary amines and methods for their preparation are known to those 
of ordinary skill in the art. The tertiary aliphatic primary amine useful for the 
purposes of this invention and methods for their preparation are described in 
U.S. Patent 2,945,749, which is hereby incorporated by reference for its 
teaching in this regard. 

In another embodiment, the polyamine is a heterocyclic polyamine. The 
heterocyclic polyamines include aziridines, azetidines, azolidines, tetra- and 
dihydropyridines, pyrroles, indoles, pipendines, imidazoles, di- and tetra- 
hydroimidazoles, piperazines, isoindoles, purines, morpholines, 
thiomorpholines, N-aminoalkylmorpholines, N-aminoalkylthiomorpholines, 
N-aminoalkylpiperazines, N,N'-diaminoalkylpiperazines, azepines, azocines, 
azonines, azecines and tetra-, di- and perhydro derivatives of each of the 
above and mixtures of two or more of these heterocyclic amines. Preferred 
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heterocyclic amines are the saturated 5- and 6-membered heterocyclic amines 
containing only nitrogen, oxygen and/or sulfur in the hetero ring, especially the 
piperidines, piperazines, thiomorpholines, morpholines, pyrrolidines, and the 
like. Piperidine, aminoalkyl substituted piperidines, piperazine, aminoalkyl 
substituted piperazines, morpholine, aminoalkyl substituted morpholines, 
pyrrolidine, and aminoalkyl-substituted pyrrolidines, are especially preferred. 
Usually the aminoalkyl substituents are substituted on a nitrogen atom forming 
part of the hetero ring. Specific examples of such heterocyclic amines include 
N-aminopropylmorpholine, N-aminoethylpiperazine, and 
N,N'-diaminoethylpiperazine. Hydroxy heterocyclic polyamines are also useful. 
Examples include N-(2-hydroxyethyl)cyclohexylamine.. 3-hydroxycyclo- 
pentylamine, parahydroxyaniline, N-hydroxyethylpiperazine, and the like. 

The phosphoric acid ester may be prepared by reacting one or more 
phosphorus acids or anhydrides with one or more alcohols each independently 
containing from one to about 30, or from two to about 24, or from about 3 
to about 12 carbon atoms. The phosphorus acid or anhydride is generally an 
inorganic phosphorus reagent, such as phosphorus pentoxide, phosphorus 
trioxide, phosphorus tetroxide, phosphorous acid, phosphoric acid, phosphorus 
halide, or one or more C-,. 7 phosphorus esters. Alcohols used to prepare the 
phosphoric acid esters include butyl, amyl, 2-ethylhexyl, hexyl, octyl, oleyl, 
and cresol alcohols. Examples of commercially available alcohols include Alfol 
810 (a mixture of primarily straight chain, primary alcohols having from 8 to 

10 carbon atoms); Alfol 1218 (a mixture of synthetic, primary, straight-chain 
alcohols containing 1 2 to 18 carbon atoms}; Alfol 20+ alcohols (mixtures of 
c i8- c 2s primary alcohols having mostly C 20 alcohols as determined by GLC 
(gas-liquid-chromatography); and Alfol 22+ alcohols {C 13 -C 28 primary alcohols 
containing primarily C 22 alcohols). Alfol alcohols are available from Continental 

011 Company. Another example of a commercially available alcohol mixtures 
are Adol 60 {about 75% by weight of a straight chain C 22 primary alcohol, 
about 1 5% of a C 2C primary alcohol and about 8% of C 18 and C 2d alcohols) and 
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Adoi 320 (oleyl alcohol). The Adol alcohols are marketed by Ashland 
Chemical. 

A variety of mixtures of monohydric fatty alcohols derived from 
naturally occurring triglycerides and ranging in chain length of from C B to C 18 
are available from Procter & Gamble Company. These mixtures contain 
various amounts of fatty alcohols containing mainly 1 2, 1 4, 1 6, or 1 8 carbon 
atoms. For example, CO-1214 is a fatty alcohol mixture containing 0.5% of 
C 10 alcohol, 66.0% of C 12 alcohol, 26.0% of C 14 alcohol and 6.5% of C 16 
alcohol. 

Another group of commercially available mixtures include the "Neodol" 
products available from Shell Chemical Co. For example, Neodol 23 is a 
mixture of C 12 and C 13 alcohols; Neodol 25 is a mixture of C 12 and C 15 
alcohols; and Neodol 45 is a mixture of C 14 to C 15 linear alcohols. Neodol 91 
is a mixture of C 9 , C 10 and C n alcohols. 

Fatty vicinal diols also are useful and these include those available from 
Ashland Oil under the general trade designation Adol 1 1 4 and Adol 1 58. The 
former is derived from a straight chain alpha-olefin fraction of C n -C 14 , and the 
latter is derived from a C 15 -C 1S alpha-olefin fraction. 

The following examples relate to amine salts of phosphoric acid esters. 
Unless the context indicates otherwise, temperatures are in degrees Celsius, 
pressure is atmospheric, and the parts and percentages are by weight. 

Example P-2 

To a fatty alcohol (6 moles) having an average of 1 3 carbon atoms and 
obtained by the hydrogenation of coconut oil there is added at 50-80°C within 
a period of 2.5 hours, 2 moles of phosphorus pentoxide. The mixture is 
heated at 80 C C for 3 hours and filtered. The filtrate is the desired partially 
esterified phosphoric acid, having a phosphorus content of 8.5% and an acid 
number of 216 (phenolphthalein indicator). To 518 grams (2 acid equivalents} 
of this acidic ester there is added at 35-60°C a stoichiometrically equivalent 
amount (i.e., 2 equivalents) of Primene 81 -R, a commercial tertiary- alkyl 
primary amine mixture having from 1 1 to 1 4 carbon atoms in the alkyl group 
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and an average equivalent weight of 191 (based on nitrogen). The resulting 
mixture is agitated for 30 minutes. The product is a salt of the amine and the 
acidic ester having a phosphorus content of 4.7% and a nitrogen content of 
3.1%. 

Example P-3 

A salt is prepared by the procedure of Example P-2 except that the 
partially esterified phosphoric acid used is derived from a mixture of 3 moles 
of primary-pentyl alcohol and I mole of phosphorus pentoxide. 

Example P-4 

Aifol 8-10 (2628 parts, 18 moles) is heated to a temperature of about 
45 °C whereupon 852 parts (6 moles) of phosphorus pentoxide are added over 
a period of 45 minutes while maintaining the reaction temperature between 
about 45-65 X. The mixture is stirred an additional 0.5 hour at this 
temperature, and is there- after heated at 70°C for about 2-3 hours. Primene 
81 -R (2362 parts, 1 2.6 moles) is added dropwise to the reaction mixture while 
maintaining the temperature between about 30-50°C. When all of the amine 
has been added, the reaction mixture is filtered through a filter aid, and the 
filtrate is the desired amine salt containing 7.4% phosphorus (theory, 7.1%). 

Example P-5 

To 1000 parts (3.21 moles) of an alkyl phosphoric acid ester mixture 
prepared as in Example P-4, there is added 454 parts (3.7 moles) of di-n- butyl 
amine and maintaining an atmosphere of nitrogen. Over the period of addition, 
the reaction mixture is heated to and maintained at a temperature of 120°C. 
After all of the butyl amine has been added, the mixture is maintained at 
120°C for 8 hours. The desired amine salt is obtained and contains 7.1% 
phosphorus (theory, 6.8%) and 3.4% nitrogen (theory, 3.6%). 
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Example P-6 

A reaction vessel is charged with 793.4 parts (9 moles) of n-amyl 
alcohol, and 426 parts (3 moles) of phosphorus pentoxide is added over a 
period of 1.5 hours incrementally while maintaining the reaction temperature 
between about 55-70°C. After ail of the phosphorus pentoxide has been 
added, the mixture is stirred for 0.5 hour. The reaction mixture then is 
maintained at 70°C for 3 hours. Primene 81 -R (1 597.9 parts, 5.93 moles) is 
added dropwise to the reaction mixture while maintaining the temperature 
between 50-70°C. After all of the Primene 81 -R has been added, the reaction 
mixture is filtered through a filter aid to yield the desired amine salt containing 
6.1% phosphorus (theory, 5.8%). 

Example P-7 

Isoctyl alcohol (three equivalents) is heated to 65 °C where phosphorus 
pentoxide (two equivalents based on phosphorus) is added incrementally while 
maintaining the temperature between 65 and 90°C. The reaction is monitored 
by neutralization acid number. After completion of the reaction, 2- 
ethylhexylamine (two equivalents per 3 neutralization acid number) is added 
incrementally while maintaining the temperature between 65 and 90 C C. The 
resulting product has 7.6% phosphorus, and 3.6% sulfur. 

Example P-8 

A mixture of 539.8 parts (3.7 moles) of Alfol 8-10 and 326 parts (3.7 
moles) of n-amyl alcohol is prepared and heated to 30 °C whereupon 350 parts 
(2.46 moles) of phosphorus pentoxide are added incrementally utilizing a cold 
water bath to maintain the temperature of the reaction mixture at 50-60°C. 
After all of the phosphorus pentoxide is added, the mixture is stirred an 
additional 0.5 hour and thereafter maintained at a temperature of 70°C for 3 
hours. The phosphoric acid mixture is cooled to about 40°C whereupon 
925.6 parts (4.95 moles) of Primene 81 -R are added dropwise over a period 
of 2 hours. The reaction mixture is exothermic to 70°C, and after all of the 
amine is added, the mixture is filtered through a filter aid and the filtrate is the 
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5 desired amine salt containing 5.5% phosphorus and 3.2% nitrogen (theory, 

3.24%). 
Lubricants 

As previously indicated, the combination of the phosphorus compounds 
are useful as additives for lubricants in which they can function primarily as 

10 antiwear agents. As described above, the present combination of phosphorus 

compounds provides antiwear protection of lubricating compositions while not 
providing adverse consequences to copper corrosion, thermal stability or odor 
of the lubricating compositions. They may be employed in a variety of lubri- 
cants based on diverse oils of lubricating viscosity, including natural and 

15 synthetic lubricating oils and mixtures thereof. These lubricants include 

crankcase lubricating oils for spark-ignited and compression-ignited internal 
combustion engines, including automobile and truck engines, two-cycle 
engines, aviation piston engines, marine and railroad diesel engines, and the 
like. They can also be used in gas engines, stationary power engines and 

20 turbines and the like. Automatic or manual transmission fluids, transaxle lu- 

bricants, gear lubricants, including open and enclosed gear lubricants, tractor 
lubricants, metal-working lubricants, hydraulic fluids and other lubricating oil 
and grease compositions can also benefit from the incorporation therein of the 
compositions of the present invention. They may also be used as wirerope, 

25 walking cam, way, rock drill, chain and conveyor belt, worm gear, bearing, 

and rail and flange lubricants. 

As described above, the lubricating composition contains an oil of 
lubricating viscosity. The oils of lubricating viscosity include natural or 
synthetic lubricating oils and mixtures thereof. Natural oils include animal oils, 

30 mineral lubricating oils, and solvent or acid treated mineral oils. Synthetic 

lubricating oils include hydrocarbon oils (polyalpha-olefins), halo-substituted 
hydrocarbon oils, alkylene oxide polymers, esters of dicarboxylic acids and 
polyols, esters of phosphorus-containing acids, polymeric tetrahydrofurans and 
silicon-based oils. Preferably, the oil of lubricating viscosity is a hydrotreated 

35 mineral oil or a synthetic lubricating oil, such as a polyolefin. Examples of 
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useful oils of lubricating viscosity include XHV! basestocks, such as 100N 
isomerized wax basestock (0.01% sulfur/ 141 VI), 120N isomerized wax 
basestock (0.01% sulfur/ 149 VI), 1 70N isomerized wax basestock (0.01% 
sulfur/ 1 42 VI), and 250N isomerized wax basestock {0.01 % sulfur/ 1 46 VI); 
refined basestocks, such as 250N solvent refined paraffinic mineral oif (0.1 6% 
sulfur/89 VI), 200N solvent refined naphthenic mineral oil (0.2% sulfur/ 60 
VI), 1 00N solvent refined/ hydrotreated paraffinic mineral oil (0.01 % sulfur/98 
VI), 240N solvent refined/ hydrotreated paraffinic mineral oil (0.01% sulfur/ 
98 VI), 80N solvent refined/ hydrotreated paraffinic mineral oil (0.08% sulfur/ 
127 VI), and 150N solvent refined/ hydrotreated paraffinic mineral oil (0.17% 
sulfur/ 127 VI). A description of oils of lubricating viscosity occurs in U.S. 
Patent 4,582,618 (column 2, line 37 through column 3, line 63, inclusive}, 
herein incorporated by reference for its disclosure to oils of lubricating 
viscosity. 

In one embodiment, the oil of lubricating viscosity is a polyalpha-olefin 
(PAO). Typically, the polyalpha-olefins are derived from monomers having 
from about 4 to about 30, or from about 4 to about 20, or from about 6 to 
about 1 6 carbon atoms. Examples of useful PAOs include those derived from 
decene. These PAOs may have a viscosity from about 3 to about 150, or 
from about 4 to about 100, or from about 4 to about 8 cSt at 100°C. 
Examples of PAOs include 4 cSt polyolefins, 6 cSt polyolefins, 40 cSt 
polyolefins and 100 cSt polyalphaolefins. 

In one embodiment, the lubricating composition contains an oil of 
lubricating viscosity which has an iodine value of less than about 9. Iodine 
value is determined according to ASTM D-460. In one embodiment, the oil of 
lubricating viscosity has a iodine value less than about 8, or less than about 
6, or less than about 4. 

In one embodiment, the oil of lubricating viscosity are selected to 
provide lubricating compositions with a kinematic viscosity of at least about 
3.5 cSt, or at least about 4.0 cSt at 100°C. In one embodiment, the 
lubricating compositions have an SAE gear viscosity grade of at least about 
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SAE 75W. The lubricating composition may also have a so-called multigrade 
rating such as SAE 75W-80, 75W-90, 75W-90, 75W-140, 80W-90, 80W- 
140, 85W-90, or 85W-140. Multigrade lubricants may include a viscosity 
improver which is formulated with the oil of lubricating viscosity to provide the 
above lubricant grades. Useful viscosity improvers include but are not limited 
to polyolefins, such as ethylene-propylene copolymers, or polybutylene 
rubbers, including hydrogenated rubbers, such as styrene-butadiene or styrene- 
isoprene rubbers; or polyacrylates, including polymethacrylates. In one 
embodiment, the viscosity improver is a polyolefin or polymethacrylate. 
Viscosity improvers available commercially include Acryloid™ viscosity improv- 
ers available from Rohm & Haas; Shellvis™ rubbers available from Shell 
Chemical; Trilene™ polymers, such as Trilene™ CP-40, available commercially 
from Uniroyal Chemical Co., and Lubrizol 3100 series and 8400 series 
polymers, such as Lubrizol 31 74 available from The Lubrizol Corporation. 

in one embodiment, the oil of lubricating viscosity includes at least one 
ester of a dicarboxylic acid. Typically the esters containing from about 4 to 
about 30, preferably from about 6 to about 24, or from about 7 to about 1 8 
carbon atoms in each ester group. Here, as well as elsewhere, in the 
specification and claims, the range and ratio limits may be combined. 
Examples of dicarboxylic acids include glutaric, adipic, pimelic, suberic, azelatc 
and sebacic. Example of ester groups include hexyl, octyl, decyl, and dodecyl 
ester groups. The ester groups include linear as well as branched ester groups 
such as iso arrangements of the ester group. A particularly useful ester of a 
dicarboxylic acid is diisodecyl azelate. 
Sulfur Compounds 

In one embodiment, the above combination is used in lubricating 
compositions together with a sulfur compound. In one embodiment, the sulfur 
compound (a) is present at concentrations in the range from about 0.1% to 
about 10% by weight, or preferably from about 0.2% up to about 8%, or 
more preferably from about 0.3% up to about 7%, more preferably from about 
0.5% to about 5% by weight. 
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The sulfur compounds include mono- or polysulfide compositions, or 
mixtures thereof. The sulfur compounds are generally characterized as having 
sulfide linkages containing an average from 1 up to about 10, or from about 
2 up to about 8, or from about 3 up to about 4 sulfur atoms. In one 
embodiment, the sulfur compound is a mixture of di-, tri- or tetrasulfide 
materials, preferably having a majority of trisulfide. Materials having at least 
70% trisulfide are preferred, with materials containing greater than 80% 
trisulfide more preferred. In one embodiment, the sulfur compound contains 
greater than 1 5%, or greater than 20%, or greater than 25% by weight sulfur. 
In one embodiment, the sulfur compound contains from about 1 5% to about 
60%, or from about 20% to about 40% by weight sulfur. 

In one embodiment, the sulfur compound is prepared by sulfurizing 
unsaturated compounds. Materials which may be sulfurized include oils, 
unsaturated fatty acids, unsaturated fatty esters, olefins, terpenes, or Diels- 
Alder adducts. Oils which may be sulfurized. are natural or synthetic oils, 
including mineral oils, lard oil, carboxylic acid esters derived from aliphatic 
alcohols and fatty acids or aliphatic carboxylic acids (e.g., myristyl oleate and 
oleyl oleate), and synthetic sperm whale oil substitutes and synthetic 
unsaturated esters or glycerides. 

The unsaturated fatty acids generally contain from about 8 to about 30, 
or from about 1 2 to about 24 carbon atoms. Examples of unsaturated fatty 
acids include palmitoleic acid, oleic, linoleic, linolenic, erucic acid, lard oil acid, 
soybean oil acid, tall oil and rosin acid. 

The unsaturated fatty esters include fatty oils, that is, naturally 
occurring or synthetic esters of glycerol and one or more of fatty acids. 
Examples of fatty esters include animal fats, such as Neat's-foot oil, lard oil, 
depot fat, beef tallow, and vegetable oils, including cottonseed oil, corn oil, 
safflower oil, sesame oil, soybean oil, and sunflower seed oil. The unsaturated 
fatty esters also may be prepared by esterifying alcohols and polyols with a 
fatty acid. The alcohols include the above described mono- and polyhydric 
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alcohols, such as methanol, ethanol, propanol, butanoi, ethylene glycol, 
neopentyl glycol, and glycerol. 

The olefins, which may be sulfurized, contain at least one olefinic 
double bond, which is defined as a non-aromatic double bond. In its broadest 
sense, the olefin may be defined by the formula R* 1 R* 2 C = CR' 3 R* 4 , wherein 
each of R*\ R* 2 , R* 3 , and R* 4 is hydrogen, or an hydrocarbyi group. In general, 
the R* groups in the above formula which are not hydrogen may be 
represented by -(CH 2 ) n -A, wherein n is a number from 0 to about 10 and A is 
represented by -C(R' 6 ) 3 , -COOR* 5 , -CON(R* 5 ) 2 , -COON{R* 5 U, -COOM, -CN, -X, 
-YR*~ or -Ar, wherein: each R* 5 is independently hydrogen, or a hydrocarbyi 
group, with the proviso that any two R* 5 groups may be connected to form a 
ring of up to about 12 carbon atoms; M is one equivalent of a metal cation 
(preferably Group I or II, e.g., sodium, potassium, barium, or calcium); X is 
halogen {e.g., chloro, bromo, or iodo); Y is oxygen or divalent sulfur; Ar is an 
aromatic group of up to about 1 2 carbon atoms. 

The olefinic compound is usually one in which each R group which is 
not hydrogen is independently alkyl, alkenyi or aryl group, preferably an alkyl 
group. In one embodiment, R* 3 and R* 4 are hydrogen and R* 1 and R* 2 are alky! 
or aryl, especially alkyl, having from 1 up to about 30, or from 1 up to about 
16, or from 1 up to about 8 carbon atoms. Olefins having from 2 up to about 
30, or from about 3 up to about 16 (most often less than about 9) carbon 
atoms are particularly useful. Olefins having from 2 up to about 8, or from 2 
up to about 4 carbon atoms are particularly useful. Isobutene, propylene and 
their dimers, trimers and tetramers, and mixtures thereof are especially pre- 
ferred olefins. Of these compounds, isobutylene and diisobutylene are 
particularly desirable. In one embodiment, the organic polysulfides may be a 
mixture of di-, tri-, or tetrasulfide materials, preferably having a majority of 
trisulfide. Materials having at least 70% trisulfide are preferred, with materials 
containing greater than 80% trisulfide more preferred. 
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In another embodiment, the organic polysulfide comprise suffurized 
olefins prepared by the suifochlorination of olefins containing four or more 
carbon atoms and further treatment with inorganic sulfides according to U.S. 
Patent 2,708,1 99. 

in one embodiment, the sulfurized olefins may be produced by (1) 
reacting sulfur monochloride with a stoichiometric excess of a lower olefin, 
e.g. containing two to about seven carbon atoms, (2) treating the resulting 
product with an alkali metal sulfide in the presence of free sulfur in a mole 
ratio of no less than 2:1 in an alcohol-water solvent, and {3) reacting that 
product with an inorganic base. This procedure is described in U.S. Patent 
3,471,404, and the disclosure of U.S. Patent 3,471,404 is hereby 
incorporated by reference for its discussion of this procedure for preparing 
sulfurized olefins and the sulfurized olefins thus produced. Generally, the 
olefin reactant contains from about 2 to about 5 carbon atoms and examples 
include ethylene, propylene, butylene, isobutylene, amylene, etc. 

The organic polysulfide may also be the reaction product of a 
hydrocarbyl mercaptan, sulfur and an olefin. The mercaptans used to make 
the polysulfide may be hydrocarbyl mercaptans, such as those represented by 
the formula R-S— H, wherein R is a hydrocarbyl group as defined above. In one 
embodiment, R is an alkyl, an alkenyl, cycloalky!, or cycloalkenyl group. R 
may also be a haloalkyl, hydoxyalkyl, or hydroxyalkyl substituted (e.g. 
hydroxymethyl, hydroxyethyl, etc.) aliphatic groups. R generally contains from 
about 2 to about 30 carbon atoms, preferably from about 2 to about 24, more 
preferably from about 3 to about 18 carbon atoms. Examples include butyl 
mercaptan, amyl mercaptan, hexyl mercaptan, octyl mercaptan, 6- 
hydroxymethyl-octanethiol, nonyl mercaptan, decyl mercaptan, 10-amino- 
dodecanethiol, dodecyl mercaptan, 1 O-hydroxymethyl-tetradecanethiot, and 
tetradecyl mercaptan. 

The sulfurized olefin may also be prepared by reacting, under 
superatmospheric pressure, the olefin with a mixture of sulfur and hydrogen 
sulfide in the presence, or absence, of a catalyst, such as an aikyl amine, 
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followed by removal of low boiling materials. The olefins which may be 
sulfurized, the sulfurized olefin, and methods of preparing the same are 
described in U.S. Patents 4,1 1 9,549, 4,1 99,550, 4,1 91,659, and 4,344,854. 
The disclosure of these patents is hereby incorporated by reference for its 
description of the sulfurized olefins and preparation of the same. 

The organic polysulfide generally has hydrocarbyl groups each 
independently having from about two to about 30, preferably from about two 
to about 20, and more preferably from about two to about 12. The 
hydrocarbyl groups may be aromatic or aliphatic, preferably aliphatic. In one 
embodiment, the hydrocarbyl groups are aikyl groups. 

In one embodiment, the sulfur compound contains a mixture comprising 
at least about 90% dihydrocarbyl trisulfide, from about 0.5% up to about 8% 
dihydrocarbyl disulfide, and less than about 5% "dihydrocarbyl higher 
polysulfides. Higher polysulfides are defined as containing four or more sulfide 
linkages. In one embodiment, the amount of trisulfide is at least about 92%, 
or preferably at least about 93%. In another embodiment, the amount of 
dihydrocarbyl higher polysulfides is less than 4%, or preferably less than about 
3%. In one embodiment, the dihydrocarbyl disulfide is present in an amount 
from about 0.5% up to about 5%, or preferably from about 0.6% up to about 
3%. 

The sulfide analysis is performed on a Varian 6000 Gas Chromatograph 
and FID detector SP-4100 computing integrator. The Column is a 25 m. 
Megabore SGE BP-1 . The temperature profile is 75°C, hold 2 min., to 250°C 
at 6°C/min. The helium flow is 6.0 ml/min plus make-up. The injection 
temperature is 200°C and the detector temperature is 260°C. The injection 
size is 0.6, ul. References are the monosulfide, disulfide and trisulfide 
analogues to the sulfur composition for analysis. The references may be 
obtained by fractionating the product to form sulfide fractions (S1 , S2 and S3) 
to be used for analysis. The procedure for analysis is as follows. (1 ) An area 
% determination is run on each of the reference samples to determine its 
purity. (2) An area % determination is run on the sample to be tested to get 
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a general idea of its composition. (3) A calibration blend is accurately weighed 
based on the area % results of the sample to be tested: then the internal 
standard toluene, is added to the blend in an amount equal to approximately 
one-half of the weight of the largest component. (This should give an area 
approximately the same as that of the largest component.) (4) The weights 
of each component (i.e., S-1, S-2 and S-3) are corrected by the % purity from 
step 1 . (5) The calibration blend is run in triplicate using the corrected weights 
and then calculated, using the following formula, to reflect the multiple peaks 
in S-1 and S-2: 

RF -( concentration of components* ) ( area of internal standard ) 
( total area of peaks } (concentration of internal standard) 

Adjusted for purity of the standard i.e.: component weight times 
percent purity equals concentration of component. 

(6) These response factors, plus the response factor for the single S-3 peak 
are used for determining weight percent results for the samples to be tested. 

(7) Results for S-1 and S-2 are adjusted to include ail the peaks attributed to 
them. (8) Higher polysulfides are determined by difference using the following 
formula: 

S-4 = 100% - (S-1 + S-2 4- S-3 + light ends) Light ends are 
defined as any peaks eluded prior to the internal standard. 

In one embodiment, the organic polysulfide is prepared as described 
above using hydrogen sulfide, sulfur, and at least olefin to form an 
intermediate. The intermediate is fractionally distilled to form the organic 
polysulfide. In one aspect, the fractional distillation occurs under 
subatmospheric pressure. Typically the distillation pressure is from about 1 
to about 250, preferably from about 1 to about 100, or preferably from about 
1 to about 25 mm Hg. A fractionation column, such a Snyder fractionation 
column may be used. In one embodiment, the fractionation is carried out at 
a reflux ratio of from about 2:1 up to about 8:1, preferably from about 3:1 up 
to about 7:1 , or preferably from about 4:1 up to about 6:1 . S-21 
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The following examples relate to sulfurized olefins. Unless the context 
clearly indicates otherwise, here, as well as throughout the specification and 
claims, the amounts are by weight, the temperature is in degrees Celsius and 
the pressure is atmospheric. 

Example S-1 

Sulfur (526 parts, 16.4 moles) is charged to a jacketed, high-pressure 
reactor which is fitted with an agitator and internal cooling coils. Refrigerated 
brine is circulated through the coils to cool the reactor prior to the introduction 
of the gaseous reactants. After sealing the reactor, evacuating to about 2 torr 
and cooling, 920 parts (16.4 moies) of isobutene and 279 parts (8.2 moles) 
of hydrogen sulfide are charged to the reactor. The reactor is heated using 
steam in the external jacket, to a temperature of about 182°C over about 1 .5 
hours. A maximum pressure of 1 350 psig is reached at about 1 68 3 C during 
this heat-up. Prior to reaching the peak reaction temperature, the pressure 
starts to decrease and continues to decrease steadily as the gaseous reactants 
are consumed. After about 10 hours at a reaction temperature of about 
182°C, the pressure is 310-340 psig and the rate of pressure change is about 
5-10 psig per hour. The unreacted hydrogen sulfide and isobutene are vented 
to a recovery system. After the pressure in the reactor has decreased to 
atmospheric, the sulfurized mixture is recovered as a liquid. The mixture is 
blown with nitrogen at about 100 C C to remove low boiiing materials including 
unreacted isobutene, mercaptans and monosulfides. The residue after nitrogen 
blowing is agitated with 5% Super Filtrol and filtered, using a diatomaceous 
earth filter aid. The filtrate is the desired sulfurized composition which 
contains 42.5% sulfur. 

Example S-2 

Sulfur monochloride (2025 grams, 15.0 moles) is heated to 45 C C. 
Through a sub-surface gas sparge, 1468 grams (26.2 moles) of isobutylene 
gas are fed into the reactor over a 5-hour period. The temperature is 
maintained between 45-50°C. At the end of the sparging, the reaction 
mixture increases in weight by 1 352 grams. In a separate reaction vessel are 
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added 2150 grams (16.5 moles) of 60% flake sodium sulfide, 240 grams (7.5 
moles) sulfur, and a solution of 420 ml. of isopropanol in 4000 ml. of water. 
The contents are heated to 40 C C. The adduct of the sulfur monochloride and 
isobutylene previously prepared is added over a three-quarter hour period while 
permitting the temperature to rise to 75 C C. The reaction mixture is heated to 
reflux for 6 hours, and afterward the mixture is permitted to form into separate 
layers. The lower aqueous layer is discarded. The upper organic layer is 
mixed with two liters of 10% aqueous sodium hydroxide, and the mixture is 
heated to reflux for 6 hours. The organic layer is again removed and washed 
with one liter of water. The washed product is dried by heating at 90 C C and 
30 mm. Hg. pressure for 30 minutes. The residue is filtered through 
diatomaceous earth filter aid to give 2070 grams of a clear yellow-orange 
liquid. 

Example S-3 

Charge 1000 lbs. of the product of Example S-1 to the reactor, under 
medium agitation, and heat to approximately 88°C - 94°C. Bring to 
equilibrium and maintain equilibrium for 30 minutes prior to collection of 
distillate. Set the reflux ratio at 4:1. Raise the temperature to 105°C to 
ensure a steady distillation rate. Collection of the distillate will require 
approximately 20-24 hours and the yield will approximate 230-260 lbs. Raise 
the temperature to 105°C - 107°C. Bring the system to equilibrium and 
maintain for 30 minutes prior to collection of distillate. Set the reflux ratio at 
4: 1 . Raise the temperature to 1 21 °C - 1 24°C, in order to ensure a steady 
distillation rate. Collect distillate over 75-100 hours. The distillation yields 
approximately 300-400 lbs. of the desired product. The desired product 
contains 2.7% S2, 93.15% S3, 4.04% higher polysulfides. 

Example S-4 

In a vessel with a fractionation column, bring 10,000 grams of the 
product of Example S-1 to a boil, approximately 200°F, under medium 
agitation. Bring the column to equilibrium by regulating the vapor temperature. 
Maintain the equilibrium for 30 minutes prior to collection of distillate. Set the 
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reflux ratio at 5:1. Under these conditions, collect the distillate until the 
accumulation of distillate is less than 5ml in 15 minutes. Collect 100ml of the 
distillate containing 88 grams of distillate at a vapor temperature of 56 a C. 
Raise the temperature of the vessel 1 5°F. Remove an additional aliquot of 50 
grams in 65 ml of distillate, at a vapor temperature of 58°C. - Collect 2000ml 
of distillate and remove 1838 grams of distillate, continuing collection as long 
as the distillate rate stays greater than 5ml/1 5 minutes. If boiling drops off, 
raise the temperature of the vessel 5.5°C. Continue collecting distillate until 
the distillation rate is less than 5ml/15 minutes is achieved. The distillate 
contains approximately 473 grams of desired product. For the final collection 
of distillate, raise the temperature of the vessel 9 D C to 11 6°C, not exceeding 
121 °C. Remove 220 ml of the distillate, containing 214 grams of distillate at 
a vapor temperature of 69°C. Continue collection of the remainder of the 
distillate, containing approximately 41 14 grams of the desired product, until 
the distillation rate is less than 5ml/15 minutes. A yield after fractionation 
should approximate 6777 grams of the desired product. The desired product 
contains approximately 2% S2, 96.6% S3, and 1.3% higher polysulfides. 
The sulfur compound is typically present in an amount from about 1 % to 
about 10%, or from about 1 .5% to about 8%, or from about 2% to about 6% 
by weight. 
Other additives 

The above combination of the present invention may be used, in 
lubricants, in functional fluids or in concentrates, by themselves or in 
combination with any other known additive which includes, but is not limited 
to dispersants, antioxidants, anti-wear agents, extreme pressure agents, 
emulsifiers, demulsifiers, friction modifiers, anti-rust agents, corrosion 
inhibitors, viscosity improvers, pour point depressants, dyes, and solvents to 
improve handleability which may include alkyl and/or aryl hydrocarbons. These 
additives may be present in various amounts depending on the needs of the 
final product. 
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Dispersants include but are not limited to hydrocarbon substituted 
succinimides, succinamides, esters, and Mannich dispersants as well as 
materials functioning both as dispersants and viscosity improvers. These dis- 
persants are described above as acylated nitrogen compounds, hydrocarbyl 
substituted amines and Mannich reaction products. The dispersants listed 
above may be post-treated with reagents such as urea, thiourea, carbon 
disulfide, aldehydes, ketones, carboxylic acids, hydrocarbon substituted 
succinic anhydride, nitriles, epoxides, boron compounds, phosphorus 
compounds and the like. 

Antioxidants, corrosion inhibitors, extreme pressure and anti-wear 
agents include but are not limited to chlorinated aliphatic hydrocarbons; boron- 
containing compounds including borate esters; and molybdenum compounds. 

Viscosity improvers include but are not limited to Polyisobutene, 
poiymethyacrylate acid esters, polyacrylate acid esters, diene polymers, 
polyalkyl styrenes, alkenyl aryl conjugated diene copolymers, polyolefins and 
multifunctional viscosity improvers. 

Pour point depressants are a particularly useful type of additive often 
included in the lubricating oils described herein. See for example, page 8 of 
"Lubricant Additives" by C. V. Smalheer and R. Kennedy Smith (Lesius-Hiles 
Company Publishers, Cleveland, Ohio, 1967). 

Anti-foam agents used to reduce or prevent the formation of stable foam 
include silicones or organic polymers. Examples of these and additional anti- 
foam compositions are described in "Foam Control Agents", by Henry T. 
Kerner (Noyes Data Corporation, 1976), pages 125-162. 

These and other additives are described in greater detail in U.S. Patent 
4,582,618 (column 14, line 52 through column 17, line 16, inclusive), herein 
incorporated by reference for its disclosure of other additives that may be used 
in combination with the present invention. 

In one embodiment, the lubricating compositions of the present 
invention contains less than about 0.75%, or less than about 0.5% borated 
dispersant. In another embodiment, lubricating compositions are free of 
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borated dispersants and/or alkali or alkaline earth metal borates. In another 
embodiment, the lubricating compositions are free of imidazoline copper 
passivating agents. 

The following are examples of lubricants useful in the present invention. 

Example I 

A gear lubricant is prepared by incorporating 0.23% of the 
product of example P-7, 0.12% by weight of dibutyl hydrogen phosphite, and 
0.2% by weight of triphenylmonothiophosphate into a SAE 80VV-90 lubricat- 
ing oil mixture. 

Example II 

A gear lubricant is prepared by incorporating 3% of the product 
of Example S-1, 0.5% by weight of Example P-1, 0.15% dioleyl phosphite, 
and 0.4% by weight of the product of Example P-7 into an SAE 80W-90 
lubricating oil mixture. 

Example III 

A gear lubricant is prepared by premixing 0.09% of a 68 
% solution of a magnesium overbased sulfonate (Metal ratio 15, total base 
number 400) in mineral oil with 0.12% of di-butyl hydrogen phosphite and 
incorporating the premixed product with 0.23% of the product of Example P- 
7 , and 0.2% by weight of triphenylmonothiophosphate into a SAE 80W-90 
lubricating oil mixture. 

Example IV 

A gear lubricant is prepare as described in Example III except 3% of the 
product of Example S-1 is added gear lubricant. 

Example V 

A gear lubricant is prepared by premixing 0.09% of a 68 
% solution of a magnesium overbased sulfonate (Metal ratio 1 5, total base 
number 400) in mineral oil with 0.12% of di-butyl hydrogen phosphite and 
incorporating the premixed product with 0.23% of the product of Example P- 
7, 0.2% by weight of triphenylmonothiophosphate, 3% of the product of 
Example S-1 , 0.25% oleyl amine, 0.05% of a succinimide dispersant (prepared 
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from polyamines and polyisobutenyl (Mn-1000) succinic anhydride at a 
reaction ratio of 2 nitrogens per succinic anhydride, and having 2.5% nitrogen, 
a TBN of 80 and 40% diluent oil), 0.02% of a polyacrylate pour point 
depressant of 2-ethylhexyl acrylate and ethyl acrylate, 0.002% of a silicone 
antifoam agent, 0.21% of pluronic 101 surfactant available from Wyandott, 
and 0.12% of an oxidatively coupled nonyl mercaptan and 
dimercaptothiadiazole into a 80W-90 lubricating oil mixture. 

The gear lubricant of Example V passed the L-37 high torque test, L-42 
high speed shock test, and L-60-1 thermal stability test (21% viscosity 
increase). 

While the invention has been explained in relation to its preferred 
embodiments, it is to be understood that various modifications thereof will 
become apparent to those skilled in the art upon reading the specification. 
Therefore, it is to be understood that the invention disclosed herein is intended 
to cover such modifications as fall within the scope of the appended claims. 
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Title: Mixed Phosphorus Compounds and Lubricants Containing the Same 

1 . A lubricating composition comprising a major amount of an oil of 
lubricating viscosity and (A) a di or trihydrocarbyl phosphite, (B) 
a reaction product of a di or trihydrocarbyl phosphite and sulfur 
10 or a sulfur compound; or a di or trihydrocarbyl 

monothiophosphate; or salt thereof, and (C) a salt of a 
hydrocarbyl phosphoric acid ester. 
2> The lubricating composition of claim 1 wherein each hydrocarbyl 
group of (A), (B) and (C) independently contains from 1 to 30 
1 5 carbon atoms. 

3. A lubricating composition of claim 1 wherein each hydrocarbyl 
group of (A) and (C) is independently acyclic. 

4. The lubricating composition of claim 1 wherein each hydrocarbyl 
group of (A) and (B) is independently an alkyl group having from 

20 about 2 to about 12 carbon atoms. 

5. The lubricating composition of claim 1 wherein each hydrocarbyl 
group of (A) or (C) is independently a propyl, butyl, amyl, 2- 
ethylhexyl, or octyl group. 

6. The lubricating composition of claim 1 wherein each hydrocarbyl 
25 group of (B) is independently an aryl group having from 6 to 

about 18 carbon atoms. 

7. The lubricating composition of claim 1 wherein (B) is a triaryl 
monothiophosphate. 

8. The lubricating composition of claim 1 wherein (C) is the amine 
30 salt of di or trialkyl phosphoric acid ester. 

9. The lubrication composition of claim 1 wherein the lubricating 
composition contains less than 0.09% by weight phosphorus. 
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The lubricating composition of claim 1 wherein (A), (B), and (C) 
are present in substantially equal phosphorus proportions. 
The lubricating composition of claim 1 further comprising a sulfur 
containing extreme pressure agent. 

The lubricating composition of claim 10 wherein the sulfur 
containing extreme pressure agent is an organic polysuffide. 
A lubricating composition prepared by (A) mixing at least one 
phosphite and an overbased metal salt to form an intermediate, 
and (B) mixing the intermediate from step (A) with (1) a reaction 
product of a di or trihydrocarbyl phosphite with sulfur or a sulfur 
compound, a di or trihydrocarbyl monothiophosphate; or salt 
thereof, (2) a salt of a hydrocarbyi phosphoric acid ester, and (3) 
a major amount of an oil of lubricating viscosity. 
The lubricating composition of claim 1 wherein each hydrocarbyi 
group of (A) and (B) is independently an alkyl group having from 
about 2 to about 1 2 carbon atoms. 

The lubricating composition of claim 1 wherein each hydrocarbyi 
group of (A) and (C) is independently a propyl, butyl amyl, 2- 
ethylhexyl, or octyl group. 

The lubricating composition of claim 1 wherein each hydrocarbyi 
group of (B) is independently an aryl group having from 6 to 
about 18 carbon atoms. 

The lubricating composition of claim 1 wherein (B) is a triaryl 
monothiophosphate. 

The lubricating composition of claim 1 wherein (C) is the amine 
salt of di or trialkyl phosphoric acid ester. 

The lubrication composition of claim 1 wherein the lubricating 
composition contains less than 0.09% by weight phosphorus. 
The lubricating composition of claim 1 wherein (A), (B), and (C) 
are present in substantially equal phosphorus proportions. 
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5 21 . The lubricating composition of claim 1 further comprising a sulfur 

containing extreme pressure agent. 

22. The lubricating composition of claim 10 wherein the sulfur 
containing extreme pressure agent is an organic polysulfide. 

23. The lubricating composition of claim 12 wherein the lubricating 
10 composition contains less than about 0.75% borated dispersant. 

24. The lubricating composition of claim 1 wherein the lubricating 
composition is a gear oil. 

25. The lubricating composition of claim 13 wherein the lubricating 
composition is a gear oil. 
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